The fundamental purpose of an environmental, safety, and health (ES&H) department or program-to assure worker health and safety and prevent environmental degradation-can be preserved by managers who can use contemporary business management tools to solve complex business and budgetary problems. Traditional cost accounting methods do not provide ES&H managers with the cost data and business process information required to make informed and timely decisions. Activity-based cost management (ABCM) is a business tool that can be used to quantify the cost of ES&H work activities and the cost of developing and delivering ES&H products and services. Additionally, the cost data and business process information that result from applying ABCM can be used to understand why these costs exist.
D
uring the 1990s the workplace has grown more complex and business competition has increased worldwide. More advanced information technology, greater product diversity, shorter product life cycles, increased quality requirements, more regulatory oversight, and greater competition have motivated organizations to focus on ways to respond to market changes and deliver products cheaper, better, and faster. (1, 2) All organizations, whether nonprofit or for profit, are experiencing these competitive pressures. They are searching for ways to reduce costs through downsizing, reengineering business processes, implementing quality management, outsourcing, and changing cost management practices. Support departments that provide services internal to a company or government agency 
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such as human resources, legal, and ES&H are often the first departments targeted for cost reduction and cost control initiatives because these functions are part of a rapidly increasing overhead cost. (3) These departments are typically viewed as growing costs and as functions that do not contribute financially to the revenue and income side of an organization.
Through a recent survey, ES&H professionals expressed concern about an increased probability of future budget cuts in their organizations, greater difficulty selling major investments in ES&H to senior managers, and an increased need to quantify and justify the value and contribution of their function to their organizations. (4) Their departments and programs must compete with other overhead functions for an ever-shrinking pool of funding. In response to these business pressures, some organizations have decided to outsource ES&H departments, reduce the number of ES&H professionals on staff through layoffs, introduce cost-cutting measures, close consulting offices, and consolidate ES&H operations. (5) (6) (7) (8) To compete in such an aggressive economic environment, managers need to understand the factors affecting the behavior and causes of costs so they can be managed.
Typical Response to High Costs
Typically, when costs are considered too high they are cut uniformly across organizations. Spending may be controlled by imposing a fixed percentage reduction in each support department. Other cost control tactics commonly focus on reducing the cost of labor through early retirement incentives, layoffs, outsourcing support departments, and by freezing salary increases and new hiring. Such budget reduction and cost saving tactics are made in the absence of information about the demand for the products and services produced by the overhead departments. Traditional cost accounting systems are not capable of providing information to identify the causes and location of excessive costs. Accounting researchers Kaplan and Thomas have found that traditional accounting practices and systems provide ''managerial accounting information that is too late, too aggregate, and too distorted to be relevant for managers' planning and control decisions.'' (9) The net result of decision making without cost data and business process information is a downward spiral in which overhead organizations are increasingly unable to respond to the demand of their internal customers, and the quality and responsiveness of the service provided often deteriorates.
Traditional Cost Accounting and Activity Transactions
Traditional cost accounting systems were designed for use in factories where overhead costs were low, there were few product lines, and manufacturing was labor intensive. As a result, there was little incentive to spend the time and money to develop a finely tuned accounting system to track, manage, and control overhead costs. (10) But because overhead costs have grown as product line diversity and complexity has increased, manufacturing firms began examining the causes of these costs. Miller and Vollmann have suggested that managers examine the causes of overhead and indirect costs, which have increasingly become logistical transactions (scheduling material movements, production runs, and customer shipments) and information exchange transactions (product and process-related, and service-related such as ES&H). (11) In manufacturing, a change in a product creates an initial transaction that causes a cascade of additional transactions between departments, where one department serves as a supplier of a product or service to another department.
ES&H managers, like production managers, have an opportunity to control and manage the costs they create by controlling and managing the transactions that drive them. For example, substituting a less toxic raw material in a manufacturing process for a carcinogenic raw material is an initiating transaction that will likely result in changes in health protection activities such as work practices and personnel protective equipment. The actions taken by the industrial hygiene and production departments in response to this change are transactions that incur cost to the organization. In this case an industrial hygienist will supply regulatory, work practice, and other health protection guidance, which are information exchange transactions. The production department, which is the recipient of the guidance, is the customer and a participant in the transaction. These managers can focus on activities that will optimize the production of manufactured products while protecting the health and safety of workers. Simultaneously, these managers can also optimize the production, delivery, and use of ES&H products and services by the production department. These outcomes can be achieved only if the managers know the causes of costs and which activities exhibit the highest costs.
Alternative Response to High Costs
ES&H managers who are experiencing economic pressure cannot afford to make uninformed decisions about reducing costs. The business, management, and economics literature discusses the consequences of using misleading information provided by traditional cost accounting systems to make the wrong decisions. (12) (13) (14) To avoid comparable negative outcomes in service organizations, ES&H managers need timely and accurate cost performance feedback on the efficiency and effectiveness of operations to compete for increasingly limited overhead funding. They must, however, also know which work activities are critical for maintaining the technical integrity of their ES&H programs. Combining the technical knowledge of ES&H programs with the business knowledge that work activities create transactions, which generate costs, is important in understanding how activities can be managed to control their costs.
ABCM is a cost management system in which costs are assigned to the product or service that caused the transaction. ABCM can be used to quantify the cost of ES&H work activities. Managers can use ABCM to identify the causes of cost by examining activities linked together as a business process that create products and services of value to customers. By combining activity cost data with a deeper understanding of the causes of cost and the logical relationships among activities, managers can develop ways to streamline and optimize the execution of high-cost activity transactions to control costs.
ABCM can also be used to quantify more accurately the cost of products and services produced than can traditional cost accounting methods. (14, 15) Accordingly, the distortion of product and service costs is avoided by using ABCM to trace activity costs to products or services based on their demand and use of specific work activities and their resources. For example, if a product is manufactured with a raw material of low toxicity instead of a carcinogenic raw material, the demand by that product for health protection products and services will be lower. The costs associated with those health protection activities will only flow to the product or service that demanded and used them.
ABCM has been applied and successfully implemented by service organizations. (16) (17) (18) Each of these newly developed transaction-based costing systems examined activities performed in the organization as the first step in learning about and understanding cost behavior. As a result, the focus of cost accounting shifted (1) from allocating costs to tracing costs through activities to products, services, and customers; and (2) from determining the cost of supplying budget resources (labor, materials, etc.) to determining the cost of using resources to create products. (10) 
ABCM
A BCM is applied and used to build cost models for an organization using the following principles. (19, 20) Ⅲ Products and services (cost objects) demand and consume activities, and activities demand and consume budget resources (see Figure 1 ).
Ⅲ Work demands originate with cost objects and flow in reverse of costs through activities to budget resources (see Figure 1) . Ⅲ Budget resources are traced (not allocated) into activities, and activity costs are traced into cost objects using drivers (see Figure  1 ). The tracings are based on demand and use. If an activity does not use a resource, resource costs are not traced to the activity. Similarly, if a cost object does not use an activity, activity costs are not traced to the cost object. Ⅲ Budget resources are the starting point for cost tracings. Accordingly, the amount of funding found in the budget must equal the amount of money traced into activities, which must equal the amount of money traced into cost objects (see Figure 1) . Ⅲ Costs are controlled by managing activities, not the inverse.
ABCM consists of two components: activity-based costing (ABC) and activity-based management (ABM). The ABC component of ABCM is a method of measuring the cost of work activities and measuring the cost of products and services produced by those activities. In contrast, the ABM component of ABCM is characterized by how business process information is linked with ABC cost data and used by managers for making informed and fact-based decisions. Managers can use the data and information generated by ABCM to determine what causes work activities to occur, and how and why resources are used as a way to understand why costs occur. (19) 
ABC: The Cost Decomposition View
The cost decomposition view of ABCM is a cost reassignment method that measures the cost of a product or service based on the actual use of budget resources by work activities, and based on the amount of activities used to produce a product or deliver a service (see Principles 1-4 above). (19, 20) Budget resources are the factors of production that are used to perform an activity. They are considered the cost of performing an activity. Activity costs are determined by tracing costs from the budget resources to each activity by using resource cost drivers that reflect the amount of resources consumed by each activity (see Figure 2) . (19, 20) In this way the elements of cost (labor, space, materials, equipment) are assigned to activities based on what is needed to perform the activity.
Activities are usually collected in an activity center, which is a
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cluster of activities grouped by a common function or process. There is generally more than one activity found in an activity center as shown by letters A-C in Figure 2 . For example, a respiratory protection program would be considered an activity center comprised of the following activities: scheduling employees, training and fitting employees with respirators, and issuing respirators to qualified users. Resources can be traced to an activity by directly charging each activity for the amount of each type of resource used. Alternatively, if data is not available to directly link resources to activities, then the amount of budget resources consumed by each activity can be estimated by interviewing knowledgeable managers, supervisors, and employees about where and how much of each budget resource is used to perform each activity. Direct charging or estimating costs are considered resource cost drivers. Each type of budget resource that is traced into an activity becomes an element of the cost of that activity. The sum of each cost element becomes the total cost of an activity cost pool.
In the second step, activity cost pools are quantitatively linked to products and services by using activity cost drivers. Activity cost drivers assign budget resource costs from activities to cost objects. These drivers reflect the unique consumption patterns of a product or service for specific activities and they measure the use of an activity and its budget resources by the cost object. (19) The cost object is the final point to which all costs are traced. Cost objects are the reason why work activity transactions occur. Without cost objects there is no reason to perform the work. For example, two cost objects associated with a respirator protection program are a trained and fitted employee and an issued respirator. Finally, the activity cost drivers draw a manager's attention to the causes of work.
The ABC view yields quantitative data about what things cost. (19) Using this view the following types of questions can be asked about an ES&H department or program. Ⅲ What resources are required by these activities? Ⅲ What are the costs of each ES&H work activity? Ⅲ What are the drivers (causes) of cost in activities, products, and services? Ⅲ What are the total and unit costs of activities, products, and services? Ⅲ What opportunities exist for improving and optimizing activities, reducing their frequency, or changing/eliminating them to reduce cost? Ⅲ What opportunities exist for changing practices to improve ES&H outcomes?
ABM: The Process View
The process view, which is ABM, is concerned with the relationship between individual activities logically linked together as a business process. (19, 20) Business processes are evaluated in terms of the logical flow of the work activities required to produce products and deliver services, and the relationships among the activities. Work activities represent individual transactions in which the output of one activity becomes the input to drive a subsequent activity in the process. Mapping the relationship among activities and examining these relationships as a business process reveals why and how things cost what they do. (19) ABM involves analyzing, evaluating, and integrating the cost data generated by the ABCM model with the business process information collected as part of building an ABCM model. The objective of ABM is to move a manager away from the functional and organizational thinking represented by an organizational chart. Instead, the goal is to have a manager begin to think of the work his or her department performs in terms of the amount of budget resources consumed by key activities linked in a business process. For example, Figure 3 illustrates how an organizational chart can be translated into key activities and identifies the level of effort performed by the labor resources traced to each activity. (19) The chart of activities and labor resource assignments is then incorporated into a map of the business process. The business process map will provide information about the relationships among different activities, causes of work (cost drivers) for the entire process and for individual activities, the input requirements to perform each activity, the output generated by each activity, and the cost of each activity.
A fundamental principle governing ABCM is that costs are controlled by managing activities (Principle #5). (19) By using ABM a manager can translate a hierarchical organizational chart into a business process as a way to give visibility to individual activities and their costs. A manager can then focus his or her attention on streamlining and optimizing high-cost activities. By applying ABM, managers use a structured methodology to generate cost data and operational information to answer such questions as Ⅲ How is the ES&H business process defined and mapped? Ⅲ Why does an activity and its associated costs occur? Ⅲ Why do process costs occur? Ⅲ Where do the best opportunities exist to reduce the cost of an activity, product, or service? Ⅲ How can the business process be changed to improve ES&H measures of performance?
The process and cost assignment views contain quantitative data about the cost of each activity in the process and contain information about cost drivers, which quantify the causes of cost. The existence of quantitative causal relationships between different causes of cost-resource cost drivers and individual activities, process cost drivers and process activities, and activity cost drivers and the products produced and services delivered-identifies information critical for fact-based decision making. The quantitative and qualitative data generated by the ABCM model and business process mapping focus management attention on high-cost activities, products, and services; the drivers of cost; and support judgments about why work is being performed. (19) 
Application of ABCM in Occupational and Environmental Health Organizations
ABCM has been applied and investigated in three case studies of occupational and environmental health organizations. In an occupational medicine department ABCM was used to determine the cost of medical evaluations. For each evaluation there were specific tests to be performed including laboratory tests for blood and urine, chest X-rays, pulmonary function, vision, hearing, and material-specific tests such as blood lead for workers with possible lead exposure. A physician then evaluated the test results and examined the worker as part of each medical evaluation. By combining the different medical examinations with the specific tests required, it was determined that more than 300 different combinations of medical evaluations were provided by this department. Some of the evaluations were driven by OSHA regulations such as those to protect workers exposed to asbestos, beryllium, benzene, and hazardous waste. Other evaluations were part of the practice of any credible occupational medicine department including new hire and termination, periodic, and fitness for duty examinations and tests.
By using ABCM the occupational medicine department was APPLIED STUDIES FIGURE 3. Organizational chart of a functional department redefined as activities and reassembled as a business process able to decompose the costs associated with providing physical evaluations. The ABCM analysis allowed the department to Ⅲ identify each natural work group and its associated resources; Ⅲ identify resource cost drivers; Ⅲ identify the mix of physical evaluations provided; Ⅲ understand the cost drivers of the evaluations; Ⅲ identify activity cost drivers by using the departmental database; Ⅲ identify customers who required specific evaluations; Ⅲ determine the cost of specific evaluations and the cost of providing those evaluations to specific customers; Ⅲ use the cost data for predictive planning by comparing budgeted costs of providing various medical services with the actual cost incurred; and Ⅲ measure the performance of different medical service delivery processes using cost as an outcome measure. The use of ABCM was also investigated in a fire protection engineering department. In this case it was shown that the process of applying ABCM was of value to the manager and supervisors involved. They decomposed their organization into its component parts as represented by activities. They logically linked the activities together and identified their products and services. The business process mapping and analysis was significant to these fire protection professionals because it represented a new, disciplined, and logical way of describing the work of fire protection. In addition, when costs were attached to each activity and those costs were traced to the products and services they identified, it caused each of the participants to evaluate critically why he or she was committing budget resources in the way that had been identified. Most significantly, the study participants began to question the decisions they had made about the allocation of increasingly scarce resources. Finally, the ABCM analysis identified the gaps that existed in their departmental database such as tracking the number of fire protection inspections performed and the type and number of repairs performed on fire alarm systems. These data can be used as
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activity cost drivers to quantitatively link cost objects (such as inspections) to specific activities (such as performing fire protection inspections).
ABCM was applied in a third case study of a respiratory protection program. This program was well-established and had been functioning for more than 40 years. As a result, abundant data were available about the types and number of products and services delivered, resource costs, activity cost drivers, and customers. The business process was mapped and costs were determined for each specific activity in the business process. Unit costs were determined for each activity using count data. The total and unit cost of providing the training and face fit-testing services and issuing specific types of respiratory protection was determined.
Many costs could not be attached directly to specific activities. Departmental budget records did not track costs by activities. As a result, many costs were collected in an overhead cost category, which accounted for approximately 30% of the program's budget. The manager of the respiratory protection program can now track and trace these identified expenses to the activities that use them and the products and services that cause them. With better record keeping and cost tracking, it is expected that a large portion of the 30% of unspecified overhead expenses can be traced to activities. With the cost data and business process information generated by ABCM the manager can begin to change the way in which the activities are performed as a way to control the costs of the program. Finally, the cost of serving specific groups of customers was quantified.
Ultimately, an ES&H professional must make decisions about managing his or her department or program. Decisions must be made at each step in the ES&H quality improvement cycle (anticipation, recognition, evaluation, and control) consistent with an organization's strategic goals, values, and culture. The results of these case studies can be used by the ES&H professionals in the subject departments. They can use the data and business process information to communicate with senior executives who may make decisions that could affect the way in which health and safety products and services are delivered in the workplace. For example, ES&H professionals can develop several risk control options for any identified ES&H problem. By using ABCM they can include business process intelligence and cost data for each control option. Part of the cost input can show how the cost of taking a specific action can be the best choice, even if the technical solution appears to be a high cost in present dollars. The ES&H professional can present that this high cost can be balanced or offset against any realistic potential future liability that may occur if the control action is not implemented. Such cost/benefit analyses are essential for informed decision making.
CONCLUSIONS

A
BCM is an important business and cost management development because overhead and indirect costs are traced directly to the products that use the activities and thereby generate costs to an organization. The data and information generated by ABCM is useful in quantifying the cost of products, services, customers, and other cost objects; locating the causes of costs; and explaining what drives cost. ABCM is being used to evaluate the impact and implications of all business costs by tracing how activities consume resources and how products consume activities, rather than equally allocating costs to operating departments or products. By understanding which activities cause costs, managers can make better decisions, control costs by managing activities, and perhaps even redirect savings to other ES&H activities.
Some of the benefits experienced by organizations that have implemented ABC include a better understanding by managers of the relationship between costs and activities; improved cost control; reduced work activity costs; increased efficiency of work activities performed; more accurate and timely performance feedback to managers; elimination of inaccurate allocation of many overhead and indirect costs to products; more accurate product pricing; and improved decision making. Finally, by using ABCM to develop cost and business process reasons for continuing, maintaining, or expanding the funding of a given ES&H department or program, worker health and safety, and environmental protection programs, will be better able to compete for a shrinking pool of funding for overhead functions.
